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G7)
An organic light emitting diode display device includes a
plurality of organic light emitting diode elements that are
arranged in a matrix; a plurality of protective layers, each of
the protective layers covering at least one of the organic light
emitting diode elements; and a stress relaxation layer that is
formed between the protective layers, for relaxing a stress
caused by the protective layers. The stress relaxation layer
may surround the protective layer. Moreover, the stress
relaxation layer may be made of a shading material, and
serve as a mask for forming the organic light emitting diode
elements.
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ORGANIC LIGHT EMITTING DIODE DISPLAY
DEVICE AND METHOD OF MANUFACTURING
THE SAME

BACKGROUND OF THE INVENTION

[0001] 1) Field of the Invention

[0002] The present invention relates to an organic light
emitting diode display device including organic light emit-
ting diode elements as light emission elements, and each of
the organic light emitting diode elements is covered with a
protective layer. More specifically, the present invention
relates to the organic light emitting diode display device
having a stress relaxation layer for relaxing a stress caused
by the protective layer, and a method of manufacturing the
organic light emitting diode display device.

[0003] 2) Description of the Related Art

[0004] Organic light emitting diode displays are now
attracting attention as candidates for flat display devices
instead of liquid crystal displays. The organic light emitting
diode displays differ from the liquid crystal displays in that
organic light emitting diode elements generating light are
employed. In other words, the organic light emitting diode
displays do not require backlight which the liquid crystal
displays need. An organic light emitting diode element has
high speed response, high contrast, and high visibility.
Further, an organic light emitting diode display using the
organic light emitting diode element has a relatively simple
structure, which is advantageous in view of manufacturing
cost.

[0005] FIG. 8 is a sectional view of a display cell of a
conventional organic light emitting diode display. A thin film
transistor 102 serving as a switching element, a thin film
transistor 103 serving as a driver element, and a conductive
layer 110 are formed on a substrate 101. A planarizing layer
104 is formed to cover the substrate 101, and the thin film
transistors 102 and 103. An organic light emitting diode
element 105, and conductive layers 106 and 107 are formed
on the planarizing layer 104 so that the organic light emitting
diode element 105 is located between the conductive layers
106 and 107. The conductive layer 107 is electrically
connected to the thin film transistor 103 via conductive
layers 108 and 110. The organic light emitting diode element
105 is electrically connected to and controlled by the thin
film transistors 102 and 103. A protective layer 109 is
deposited on the uppermost layer as shown FIG. 8. Such a
protective layer is disclosed in, for example, “A 13.0-inch
AM-OLED display with top emitting structure and adaptive
current mode programmed pixel circuit”, T. Sasaoka et al,
SID Tech. Dig., 2001, pp. 384 to 387.

[0006] The organic light emitting diode element 105 has a
structure similar to that of a light emitting diode, including
at least one of a hole transport layer and an electron transport
layer, and an emitting layer. These hole transport layer, the
electron transport layer, and the emitting layer are made of
organic materials such as diamine compounds, quinolinol
aluminum complex, and phthalocyanine. Some carbon-car-
bon conjugated bonds of these materials are easily separated
by moisture or oxygen. Separating of the carbon-carbon
conjugated bonds causes electrical conductivity to decrease.
Therefore, the organic light emitting diode display has a
sealing structure for protecting the surface of the organic
light emitting diode elements from air.
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[0007] To date, for such a sealing structure, the organic
light emitting diode display is protected from air with a glass
substrate separated from the surface of the organic light
emitting diode clements by spacers. However, the glass
substrate causes various problems such as occurrence of
optical loss. For example, light emitted from the organic
light emitting diode element is reflected by the glass surface,
and weight and thickness of the organic light emitting diode
display increases in addition to an increase in the cost of the
glass substrate. Therefore, using the protective layer 109
made of silicon nitride (hereinafter, “SiN_") having excel-
lent light transmission characteristics, instead of the glass
substrate, is desired.

[0008] However, the protective layer has a problem in
which the protective layer located on the surface of the
organic light emitting diode display causes a tensile stress.
The tensile stress causes separation of the protective layer or
substrate crack.

[0009] The material of the organic light emitting diode
element is weak against a high temperature, and the glass
transition occurs at a temperature as low as about 120
degrees centigrade. Therefore, depositing the protective
layer requires the temperature condition not higher than the
glass-transition temperature, more specifically, from about
80 to about 120 degrees centigrade.

[0010] Generally, it is common to deposit SiN, at a tem-
perature of from 250 to 300 degrees centigrade, and pref-
erably about 280 degrees centigrade. The SiN_ layer depos-
ited under a temperature of from about 80 to about 120
degrees centigrade has a lower density. The lower density
leads to strong interatomic force. As a result, an influence of
stress to the organic light emitting diode elements increases
as compared with the normal layer structure.

[0011] Further, in order to protect the organic light emit-
ting diode elements from air sufficiently, the protective layer
needs to have a certain thickness, specifically, a thickness of
from 1 to 3 micrometers. Generally, since the stress
increases with an increase in the layer thickness, the tensile
stress on the surface of the organic light emitting diode
elements becomes a serious problem.

[0012] The protective layer, not limited to the SiN,, layer,
potentially has the problem of the stress. Therefore, in the
general organic light emitting diode display which has the
sealing structure with the protective layer, it is desired to
decrease the stress caused by the protective layer.

SUMMARY OF THE INVENTION

[0013] Tt is an object of the present invention to at least
solve the problems in the conventional technology.

[0014] The organic light emitting diode display device
according to one aspect of the present invention includes an
organic light emitting diode element; a protective layer
covering the organic light emitting diode element; and a
stress relaxation layer adjacent to sides of the protective
layer, for relaxing a stress caused by the protective layer.

[0015] The organic light emitting diode display device
according to another aspect of the present invention includes
a plurality of organic light emitting diode elements that are
arranged in a matrix; a plurality of protective layers, each of
the protective layers covering at least one of the organic light
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emitting diode elements; and a stress relaxation layer that is
formed between the protective layers, for relaxing a stress
caused by the protective layers.

[0016] The method of manufacturing an organic light
emitting diode display device according to still another
aspect of the present invention includes forming on a
substrate thin film transistors for driving an organic light
emitting diode element; forming an insulating layer to cover
the thin film transistors; forming a stress relaxation layer to
surround area where a protective layer is formed, for relax-
ing a stress caused by the protective layer; forming an
organic light emitting diode element on a part of the area;
and forming the protective layer on the area to cover the
organic light emitting diode element.

[0017] The other objects, features and advantages of the
present invention are specifically set forth in or will become
apparent from the following detailed descriptions of the
invention when read in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a top view of an organic light emitting
diode display device according to one embodiment;

[0019] FIG. 2 is a sectional view of a display cell of the
organic light emitting diode display device;

[0020] FIG. 3 is a schematic perspective view illustrating
arrangement of a protective layer and a stress relaxation
layer in the organic light emitting diode display device;

[0021] FIG. 4 is an equivalent circuit diagram of the
display cell of the organic light emitting diode display
device;

[0022] FIGS. 5A and 5B are diagrams for explaining a
stress caused by the protective layer to the array substrate;

[0023] FIGS. 6A to 6C are sectional views indicating a
manufacturing process of the organic light emitting diode
display device,

[0024] FIGS. 7A to 7C are sectional views indicating a
manufacturing process of the organic light emitting diode
display device; and

[0025] FIG. 8 is a sectional view of a display cell of a
conventional organic light emitting diode display.

DETAILED DESCRIPTION

[0026] The organic light emitting diode display, as the
embodiment of the present invention, will be explained with
reference to the drawings. In the drawings, the like or similar
parts are denoted by the like or similar numerals and names.
It should be noted that the drawings are chart-wise, and may
be different from actual products. Needless to say, in the
drawings, portions having different relations and ratios in
relative sizes are included. Further, since it is not necessary
to discriminate a source electrode from a drain electrode
with respect to the electrodes constituting the thin film
transistor, two electrodes excluding a gate electrode are
referred to as source and drain electrodes.

[0027] The organic light emitting diode display device
according to the embodiment uses an organic light emitting
diode element as a light emission element, and has a
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structure in which the protective layer for protecting the
organic light emitting diode element from air is divided by
a layer structure made of a material different from that of the
protective layer and serving as a stress relaxation layer.

[0028] FIG. 1 is a top view of the structure of an organic
light emitting diode display device according to one embodi-
ment. As shown in FIG. 1, the organic light emitting diode
display device according to the embodiment includes a data
line driving circuit 1 arranged on an array substrate or within
the array substrate, a plurality of data lines 2 extended from
the data line driving circuit 1, a scan line driving circuit 3,
a plurality of scan lines 4 extended from the scan line driving
circuit 3, and a display area 5 in which the organic light
emitting diode elements are arranged in a matrix on the array
substrate corresponding to pixels. Further, a protective layer
6 for protecting the organic light emitting diode element
from air, and a stress relaxation layer 7 arranged to divide
the protective layer 6 into a plurality of areas are provided
on the array substrate.

[0029] The data line driving circuit 1 is for supplying a
display signal to the display area 5 via the data line 2. The
scan line driving circuit 3 is for supplying a scan signal to
the display area 5 via the scan line 4.

[0030] The display area 5 is for displaying images based
on the supplied display signal and scan signal. Specifically,
the display area S has the organic light emitting diode
elements arranged corresponding to pixels and predeter-
mined circuit elements arranged corresponding to the
organic light emitting diode e¢lements, and the circuit ele-
ments control predetermined electric current based on the
display signal and the scan signal to control the emitting
state of the organic light emitting diode elements, thereby
displaying an image as a whole.

[0031] The specific structure of the organic light emitting
diode display device according to the embodiment will be
explained. FIG. 2 is a sectional view of the structure in the
display area 5 of the organic light emitting diode display. In
the organic light emitting diode display device, thin film
transistors 9 and 10 are arranged on a substrate 8, and a
conductive layer 11 for contacting the thin film transistors 9
and 10, and a conductive layer 12 for contacting the thin film
transistors 9 and 10 with the organic light emitting diode
element 16 are arranged thereon. A planarizing layer 13
made of a polymer or the like is laminated on the surface of
the substrate 8, and on the thin film transistors 9 and 10, and
the conductive layers 11 and 12, excluding a part of the area
on the conductive layer 12. Further, a conductive layer 14
extended from a power line is arranged on the planarizing
layer 13, and the organic light emitting diode element 16 is
arranged on a part of the area of the conductive layer 14. A
conductive layer 17 is arranged on the organic light emitting
diode element 16, and the conductive layer 17 has a structure
of extending horizontally from the organic light emitting
diode element 16, and being contacted to the conductive
layer 12 via the conductive layer 15.

[0032] The thin film transistors 9 and 10 function as a
switching element and a driver element, respectively, with
respect to the organic light emitting diode element 16.
Specifically, the thin film transistor 9 is connected to pre-
determined data line and scan line, to control the emitting
state of the organic light emitting diode element 16 based on
the display signal and the scan signal supplied via the data
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line and the scan line. The specific connection mode of the
thin film transistors 9 and 10, the data line, the scan line, and
the organic light emitting diode element 16 will be explained
later.

[0033] The organic light emitting diode element 16 func-
tions as a light emission element. Specifically, the organic
light emitting diode element 16 has a structure having at
least one of a hole transport layer and an electron transport
layer, and an emitting layer, so as to emit light by radiative
recombination of a hole and an electron injected into the
emitting layer. The hole transport layer, the electron trans-
port layer, and the emitting layer are made of organic
materials such as diamine compounds, quinolinol aluminum
complex, and phthalocyanine, and have a structure in which
predetermined impurities are added according to need.

[0034] The protective layer 6 is for covering the organic
light emitting diode element 16 from the outside air. When
moisture, oxygen, and the like contained in air adhere to the
organic light emitting diode element 16, carbon-carbon
conjugated bond of the organic light emitting diode element
16 is separated, and therefore electrical conductivity of the
organic light emitting diode element 16 is decreased. As a
result, it is necessary to protect the organic light emitting
diode element 16 from air containing moisture, oxygen, and
the like, and hence the protective layer 6 is formed to cover
the whole organic light emitting diode element 16.

[0035] The protective layer 6 is made of a material having
excellent light transmission characteristics, in order to out-
put light emitted from the organic light emitting diode
element 16 to the outside. Specifically, the organic light
emitting diode display according to the embodiment has a
structure such that the organic light emitting diode element
16 functions as a light emission element, and emits light
vertically upwards with respect to the array substrate 18.
Therefore, the protective layer 6 located vertically upwards
with respect to the organic light emitting diode element 16
needs to have excellent light transmission characteristics, in
order to prevent the transmission of light emitted from the
organic light emitting diode element 16 from being hin-
dered. As a material having such characteristics, for
example, SiN_ is used. SiN, herein is not constituted only of
Si atoms and N atoms, but may contain predetermined
impurities, for example, impurities such as hydrogen, oxy-
gen, and the like are mixed at a certain ratio.

[0036] The stress relaxation layer 7 is for relaxing the
intensity of stress applied to the array substrate 18 by the
protective layer 6. Specifically, the stress relaxation layer 7
is arranged to divide the area where the protective layer 6 is
arranged into a plurality of areas. For the material consti-
tuting the stress relaxation layer 7, a photoresist is used in
the embodiment. This is because the stress relaxation layer
7 having a desired pattern can be easily formed by using a
photolithographic technique or the like. As described below,
since the stress relaxation layer 7 is also used as a deposition
mask at the time of manufacturing the organic light emitting
diode display, the photoresist is used from a standpoint that
it also serves as a mask. However, since the photoresist has
poor light transmission characteristics, it is desired to
arrange the photoresist at a position where the light emitted
from the organic light emitting diode element 16 is not
hindered. Further, a dielectric layer 24 formed at the time of
forming the protective layer 6 exists on the stress relaxation

Nov. 24, 2005

layer 7. The stress relaxation layer 7 separates the dielectric
layer 24 from the protective layer 6, so that adjacent
protective layers 6 are not contacted to each other via the
dielectric layer 24. Since the dielectric layer 24 does not
have an important function in the embodiment, it is omitted
in FIG. 1, and will be omitted in other figures appropriately
for convenience sake of explanation. Since the dielectric
layer 24 does not have a characteristic function in the
organic light emitting diode display according to the
embodiment, the diclectric layer 24 may be removed at the
time of manufacturing.

[0037] FIG. 3 is a schematic perspective view of the
specific structure of the protective layer 6 and the stress
relaxation layer 7 deposited on the surface of the array
substrate. The sectional structure of the stress relaxation
layer 7 has a trapezoidal shape, with the top width of the
trapezoid larger than the base width. Such a structure can be
realized, for example, by using a predetermined photoresist
for a material forming the stress relaxation layer 7, and
optimizing the heating temperature.

[0038] The circuit structure to be arranged in the display
area 5 will now be explained. FIG. 4 is a diagram indicating
an equivalent circuit in a part of a display cell of the organic
light emitting diode display device. The organic light emit-
ting diode element 16 and the thin film transistor 9 are
connected to each other via one of the source and drain
electrodes, and functions as a driver element, which controls
the emitting state of the organic light emitting diode element
16. Further, the thin film transistor 10 is connected to the
gate electrode of the thin film transistor 9 via the other of the
source and drain electrodes, and functions as a switching
element.

[0039] Further, the gate electrode of the thin film transistor
9 is connected to the scan line 4, and the other of the source
and drain electrodes is connected to the data line 2. The
organic light emitting diode element 16 is connected to the
power line 20, and a capacitor 19 is arranged between the
other of the source and drain electrodes of the thin film
transistor 9 and the power line 20. By having such a circuit
structure, a desired one of the plurality of organic light
emitting diode elements 16 arranged on the array substrate
18 is selected, and the current flowing in the selected organic
light emitting diode element 16 is controlled to control the
emitting state of the organic light emitting diode element,
being a light emission element that emits light by flowing
electric current thereto.

[0040] An advantage obtained by providing the stress
relaxation layer 7 will be explained. The protective layer 6
is arranged in a physically separated state on the area
separated by the stress relaxation layer 7, not in an integrally
deposited state on the surface of the array substrate. There-
fore, the area in which the respective protective layers 6
separated by the stress relaxation layer 7 come in contact
with the array substrate is smaller than the arca when the
stress relaxation layer 7 is not provided.

[0041] FIG. 5A is a diagram for explaining a stress
generated in a structure in which the stress relaxation layer
7 is not provided, for a comparison, and FIG. 5B is a
diagram for explaining changes in the stress by providing
the stress relaxation layer 7. In the case of FIG. 5A, the
protective layer 6' is integrally arranged on the array sub-
strate 18', and hence the stress applied by the protective layer
6' is large as shown by the arrows in FIG. 5A.
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[0042] On the other hand, in the organic light emitting
diode display device, the protective layer 6 is arranged on
the array substrate 18, with the protective layer 6 separated
into a plurality of areas by the stress relaxation layer 7.
Therefore, the area in which the individual protective layer
6 comes in contact with the array substrate 18 is small as
compared with FIG. 5A, and it is obvious that the length of
the stress in the application direction becomes short.

[0043] Generally, the stress changes according to the con-
tact area and the length of stress in the application direction.
Therefore, in the organic light emitting diode display
according to the embodiment, the stress applied to the array
substrate 18 becomes smaller than the case of FIG. 5A, and
hence the influence of the stress with respect to the array
substrate 18 is relaxed. As a result, there is an advantage in
that even when the protective layer 6 is made of, for
example, SiN_film-formed at a low temperature, peeling of
the protective layer 6 and cracks in the array substrate 18,
which occur in the conventional structure, can be sup-
pressed. Further, by relaxing the stress due to the protective
layer 6 by the stress relaxation layer 7, the protective layer
6 itself can be prevented from being damaged in the crys-
talline structure by the stress, to decrease the covering
property against the outside air.

[0044] In the organic light emitting diode display device,
also as shown in FIG. 1, the contact area with the array
substrate 18 and the horizontal sectional shape of the indi-
vidual protective layer 6 separated by the stress relaxation
layer 7 are the same. Therefore, the stress applied by the
individual protective layer 6 with respect to the array
substrate 18 becomes equal, thereby having an advantage in
that the stress does not concentrate in a specific area of the
array substrate 18.

[0045] One example of the manufacturing method of the
organic light emitting diode display device will be explained
below. FIGS. 6A to 6C, and FIGS. 7A to 7C indicate the
manufacturing method of the organic light emitting diode
display according to the embodiment. The manufacturing
method will be explained below with reference to these
figures.

[0046] At first, form the thin film transistors 9 and 10, the
conductive layer 11 for connecting the thin film transistors
9 and 10, and the conductive layer 12 for connecting the thin
film transistor 10 and the organic light emitting diode
element 16 on the nonconductive substrate 8 according to a
predetermined process. After having deposited the planariz-
ing layer 13 on the substrate 8 by using an insulating
material such as polymers, SiN_, or the like, form a contact
hole on a part of the area on the conductive layer 12. At the
point in time of forming the planarizing layer 13, the organic
light emitting diode element has not yet been formed.
Therefore, even when the planarizing layer 13 is made of
SiN_or the like, the planarizing layer 13 can be formed at a
high temperature, and the formed planarizing layer 13 does
not cause a stress problem. Then deposit conductive layers
14 and 15 having a predetermined pattern on the planarizing
layer 13, and deposit thereon an insulating layer 23 that
electrically separates the conductive layer 17 formed later
from the conductive layer 14 and prevents the organic light
emitting diode element 16 from being cut. As a result, the
structure shown in FIG. 6A is formed.

[0047] Thereafter, form the stress relaxation layer 7. As
shown in FIG. 6B, apply a resist layer 19 on the whole
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surface by a spin coating method or the like. Form the stress
relaxation layer 7 in an arrangement as shown in FIG. 6C
by a photolithographic technique or the like. By adjusting
the material for forming a resist layer 22, and the exposure
time, the heating temperature, and the like at the time of
forming the stress relaxation layer 7, the stress relaxation
layer 7 having a structure in which the cross section is
trapezoidal, and the top width of the trapezoid is longer than
the base width can be obtained. Even at this time, since the
organic light emitting diode element 16 has not yet been
formed, the temperature at the time of forming the stress
relaxation layer 7 is not particularly limited, and can be
optionally optimized.

[0048] As shown in FIG. 7A, vapor-deposit the organic
light emitting diode element 16. In this process, in order to
prevent transition of the material constituting the organic
light emitting diode element 16 to the glass state, use a vapor
deposition method capable of a low-temperature process to
form the organic light emitting diode element 16 having an
amorphous structure.

[0049] The stress relaxation layer 7 can be used as a
deposition mask. Specifically, since the stress relaxation
layer 7 has a so-called overhanging structure, when a
film-forming technique such as vapor deposition is used, by
which a material is deposited rectilinearly, a predetermined
shadow mask can be used together, to form the organic light
emitting diode element 16 in a sclf-aligned manner. The
shadow mask is for forming the organic light emitting diode
element 16 in a self-aligned manner, while preventing the
material from being formed in an area other than the area to
form the organic light emitting diode element 16.

[0050] Thereafter, as shown in FIG. 7B, form a conduc-
tive layer 17 for picking up a cathode electrode from the
organic light emitting diode element 16. Since the portion of
the conductive layer 17 to be arranged on the organic light
emitting diode element 16 needs to have light transmission
characteristics, this portion is made of very thin MgAg,
AlLi, or the like. From a standpoint of ensuring excellent
electrical conductivity, a transparent conductive film such as
Indium Tin Oxide (ITO) may be formed on the conductive
layer 17. In this process, the stress relaxation layer 7 can be
used as a mask, in the same manner when the organic light
emitting diode element 16 is formed.

[0051] As shown in FIG. 7C, deposit the protective layer
6. Here, the protective layer 6 is formed by depositing SiN,
or the like by using the chemical vapor deposition method
(hereinafter, “CVD method”) or the like, under a low
temperature film-forming condition. In order to have a
structure such that the protective layers 6 are completely
separated from each other by the stress relaxation layer 7, it
is desired to deposit the protective layer 6 so that it is thinner
than the stress relaxation layer 7. If the protective layer 6 is
thicker than the stress relaxation layer 7, there is the possi-
bility that the adjacent protective layers are contacted to
each other via a dielectric layer 24 deposited on the stress
relaxation layer 7. Through the above process, the organic
light emitting diode display device, as shown in FIG. 7, is
manufactured.

[0052] As explained above, by providing the stress relax-
ation layer 7, the organic light emitting diode element 16 can
be formed in a self-aligned manner. Particularly, since the
stress relaxation layer 7 has a so-called overhanging struc-
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ture, the organic light emitting diode elements 16 provided
in a plurality of numbers on the display area can be separated
completely from each other.

[0053] The stress relaxation layer 7 can be used as a mask
pattern when the organic light emitting diode element 16 is
vapor-deposited. Therefore, it is not necessary to form a
mask pattern separately for the vapor deposition of the
organic light emitting diode element 16, thereby simplifying
the manufacturing process.

[0054] Since the stress relaxation layer 7 is formed in a
previous process than the formation of the organic light
emitting diode element 16, the temperature at the time of
forming the stress relaxation layer 7 is not limited, and hence
the stress relaxation layer 7 can be formed under the
conditions similar to those of the conventional method. As
a result, the stress relaxation layer 7 can be easily formed by
using the conventional technique.

[0055] Further, the protective layer 6 is deposited by the
CVD method or the like using a gas source. Therefore, the
protective layer 6 is deposited so as to go around the stress
relaxation layer 7, and hence the protective layer 6 can be
arranged to cover the organic light emitting diode elements
16, thereby preventing the organic light emitting diode
elements 16 from being affected by the outside air.

[0056] The present invention has been explained accord-
ing to the embodiment, but the present invention is not
limited to the embodiment, and those skilled in the art will
be able to come up with various examples and modified
examples. For example, the arrangement of the stress relax-
ation layer 7 is not necessarily be in a lattice form as shown
in FIG. 1, and for example, the stress relaxation layer 7 may
be formed such that the horizontal cross section of the
individual protective layer 6 becomes triangle. Further, the
arrangement of the stress relaxation layer 7 on the display
arca is limited to some extent by the arrangement of the
organic light emitting diode element, but since there is no
factor restricting the arrangement in the area other than the
display area, the arrangement of the stress relaxation layer 7
may be different on the display area from the arrangement on
the other areas. Even when such a structure is used, the stress
relaxation layer 7 can be formed by using a mask pattern
corresponding to the decided arrangement, and hence the
load on the manufacturing process does not increase.

[0057] Further, the material for forming the protective
layer 6 and the stress relaxation layer 7 may be other than
SiN_and the photoresist described above, respectively. For
example, a material obtained by mixing hydrogen or the like
in SiN_ in an amount of not larger than 35% by weight may
be used for the protective layer 6. It is preferable to use such
a material, since a function of blocking the outside air can
be improved.

[0058] In the embodiment, the vertical cross section of the
stress relaxation layer 7 is trapezoid. However, the stress due
to the protective layer 6 can be relaxed even when the stress
relaxation layer 7 has a cross section other than the trap-
ezoid. The function as the stress relaxation layer is exerted
by dividing the area where the protective layer 6 is arranged
into a plurality of areas. Therefore, regardless of the vertical
cross section thereof, the stress relaxation layer 7 can
alleviate the influence of the stress due to the protective layer
6. However, there is a possibility that the adjacent protective
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layers 6 are contacted to each other through the surface of
the stress relaxation layer 7, depending on the film thickness
of the protective layer 6 and the film thickness of the stress
relaxation layer 7. On the other hand, if the overhanging
structure is employed, by increasing the top width of the
stress relaxation layer 7, it can be suppressed that SiN_
adheres on the sides of the stress relaxation layer 7, thereby
suppressing the contact between the protective layers 6.
Further, since the organic light emitting diode element 16
can be formed in a self-aligned manner, it is desired to
employ the overhanging structure.

[0059] In the embodiment, the stress relaxation layer 7
may have a function as a shading unit. Generally in the
organic light emitting diode display, a part of light emitted
from the organic light emitting diode element 16 may be
reflected by the conductive layers 14, 17, and the like, and
such reflected light may cause cross-talk. Therefore, it is
necessary to have a shading unit. On the other hand, by
forming the stress relaxation layer 7 of a material having a
shading property, the stress relaxation layer 7 can not only
relax the stress due to the protective layer 6, but also serve
as a shading unit. Since the stress relaxation layer 7 serves
as the shading unit, a ¥4 Lambda wave plate, which has been
heretofore provided in order to suppress the reflected light,
can be omitted.

[0060] The organic light emitting diode display device has
a three-dimensional structure in which a circuit ¢lements
such as thin film transistors 9 and 10 are arranged on the
lower layer, and the organic light emitting diode element 16,
being the light emission element, is arranged on the upper
layer, but the circuit elements and the organic light emitting
diode element may be arranged on the same layer. Even in
such a structure, it is necessary to form a layer structure for
sealing the organic light emitting diode element from the
outside air, after vapor deposition of the organic light
emitting diode element. Since such a layer structure should
be formed by a low temperature process in order to prevent
the organic light emitting diode element from being dam-
aged, as in the above structure, it is necessary to provide a
unit that relaxes the stress applied by the layer structure,
regardless of having the three-dimensional structure or not.

[0061] An organic light emitting diode display device
having a data line, a scan line, and a switching element, a
so-called active matrix structure, has been explained as the
organic light emitting diode display device according to the
embodiment. However, the scope of the present invention is
not limited thereto, and the present invention is also appli-
cable to organic light emitting diode displays having other
structures. For example, the present invention is applicable
to an organic light emitting diode display device using a
passive matrix structure, so long as it has a structure in
which the organic light emitting diode element is provided
as the light emission element, and the organic light emitting
diode element is sealed from the outside air by a protective
layer.

[0062] As explained above, according to the present
invention, since the stress relaxation layer is provided to
divide the area where the protective layer is provided into a
plurality of areas, a stress caused by the protective layer can
be relaxed or suppressed. As a result, an organic light
emitting diode display device that can prevent a damage of
the substrate, and peeling and damage of the protective layer
can be realized.
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[0063] According to the present invention, since a photo-
resist is used as the stress relaxation layer, the stress relax-
ation layer can be easily formed by using a conventional
method, and the stress can be relaxed or suppressed without
increasing a load on the manufacturing process.

[0064] According to the present invention, since the ver-
tical cross section of the stress relaxation layer is trapezoid,
with the top width larger than the base width, even when the
protective layer is deposited on the stress relaxation layer, it
can be suppressed that the adjacent protective layers, with
the stress relaxation layer put therebetween, are contacted
via the surface of the stress relaxation layer, thereby sup-
pressing an increase in the stress caused by the protective
layer.

[0065] According to the present invention, since the upper
face of the stress relaxation layer has a lattice structure, and
the organic light emitting diode elements are located
between the lattice, the stress relaxation layer is not arranged
on the organic light emitting diode elements, and the pro-
tective layer covers the organic light emitting diode ele-
ments from the outside air, and suppresses a deterioration in
the characteristics of the organic light emitting diode ele-
ments.

[0066] According to the present invention, since the stress
relaxation layer is used as a deposition mask at the time of
vapor deposition of the organic light emitting diode element,
a deposition mask is not required separately, thereby real-
izing an organic light emitting diode display device that can
be manufactured easily without complicating the manufac-
turing process.

[0067] Although the invention has been described with
respect to a specific embodiment for a complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and
alternative constructions that may occur to one skilled in the

art which fairly fall within the basic teaching herein set
forth.

What is claimed is:

1. An organic light emitting diode display device com-
prising:

an organic light emitting diode element;

a protective layer covering the organic light emitting
diode element; and

a stress relaxation layer adjacent to sides of the protective
layer, for relaxing a stress caused by the protective
layer.

2. The organic light emitting diode display device accord-

ing to claim 1, wherein

the stress relaxation layer surrounds the protective layer.
3. The organic light emitting diode display device accord-
ing to claim 1, wherein

there is a space between the sides of the protective layer
and the stress relaxation layer.
4. The organic light emitting diode display device accord-
ing to claim 1, wherein

the stress relaxation layer is made of a material different
from that of the protective layer.
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5. The organic light emitting diode display device accord-
ing to claim 1, wherein

the stress relaxation layer is made of a shading material.

6. The organic light emitting diode display device accord-
ing to claim 1, wherein

the protective layer is made of an inorganic material, and
the stress relaxation layer is made of an organic mate-
rial.

7. The organic light emitting diode display device accord-
ing to claim 1, wherein

the protective layer is made of a silicon nitride, and the
stress relaxation layer is made of a photoresist.
8. The organic light emitting diode display device accord-
ing to claim 1, wherein

a top face of the stress relaxation layer is above the
protective layer.

9. The organic light emitting diode display device accord-
ing to claim 1, wherein

a vertical cross section of the stress relaxation layer is a
trapezoid with a top wider than a base.

10. An organic light emitting diode display device com-
prising:

a plurality of organic light emitting diode elements that
are arranged in a matrix;

a plurality of protective layers, each of the protective
layers covering at least one of the organic light emitting
diode elements; and

a stress relaxation layer that is formed between the
protective layers, for relaxing a stress caused by the
protective layers.

11. The organic light emitting diode display device
according to claim 10, wherein

the stress relaxation layer serves as a mask for forming the
organic light emitting diode elements.

12, The organic light emitting diode display device
according to claim 10, further comprising:

a substrate;

a plurality of driver elements formed on the substrate,
each of driver elements driving the corresponding
organic light emitting diode element;

a plurality of switching elements formed on the substrate,
each of switching elements controlling the correspond-
ing organic light emitting diode element; and

an insulating layer covering the driver elements and the
switching elements, wherein

the organic light emitting diode elements are formed on
the insulating layer.
13. The organic light emitting diode display device
according to claim 12, wherein

the switching elements and the driver elements are made
of thin film transistors.
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14. A method of manufacturing an organic light emitting
diode display device, comprising:

forming on a substrate thin film transistors for driving an
organic light emitting diode element;

forming an insulating layer to cover the thin film transis-
tors,
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forming a stress relaxation layer to surround area where a
protective layer is formed, for relaxing a stress caused
by the protective layer;

forming an organic light emitting diode element on a part
of the area; and

forming the protective layer on the area to cover the
organic light emitting diode element.
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